A series of N-butyl substituted imidazolium salts, (1a-c) and their pyridine enhanced precatalyst preparation stabilization and initiation (PEPPSI) themed palladium N-heterocyclic carbene complexes (2a-c) were synthesized and characterized. Pd-NHC complexes were fully determined by elemental analysis and spectroscopic methods. The synthesized complexes were tested in Suzuki-Miyaura cross-coupling reaction. These complexes were found to be efficient catalysts for the Suzuki-Miyaura reaction of phenylboronic acid with aryl bromides.
INTRODUCTION
N-Heterocyclic carbenes (NHCs) have become a significant class of ligands in organometallic chemistry [1] . Stable N-heterocyclic carbenes (NHCs) have attracted much attention, due to being a strong σ-donor for transition metals [2, 3] . NHC complexes have some advantages over phosphine complexes such as their stability, being ease-to-handle, and lower toxicity [4] . Many NHC transition metal complexes have been generated in homogeneous catalysis as catalysts [5, 6] after the first isolation of free NHC by Arduengo [7] . Since the electronic and steric features of NHCs are tunable, the bearing NHC ligand metal complexes have become valuable reagents for homogeneous/heterogeneous catalysis [8] [9] [10] [11] [12] .
Pd-NHC complexes have proved to be efficient catalysts in catalytic formation of carboncarbon and carbon-heteroatom bonds [13] [14] [15] [16] [17] [18] [19] . Since the first example PEPPSI type (PEPPSI= Pyridine-Enhanced Precatalyst Preparation, Stabilization, and Initiation) Pd-NHC complexes were reported by Organ et al. in 2006, considerable efforts have been undertaken to develop these type of complexes because they are easy to prepare, airand moisture-stable [20] . After Organ's work, Doucet and Matt exhibited monoligated NHC-based palladium pyridine complexes [21, 22] .
In this context, this study was reported that the synthesis and characterization of three novel PEPPSI type N-butyl functionalized N-heterocyclic carbenes (NHC) complexes.
Moreover, the catalytic activity of Pd(II) complexes were examined in Suzuki-Miyaura reaction.
MATERIALS and METHODS
All manipulations for the preparations of (2a-c) were performed under a dry argon atmosphere using standard Schlenk techniques. All glassware was flame-dried before use. Solvents were purified by distillation from an appropriate drying agent. Unless otherwise specified, chemicals were used as received without further purification. Diethyl ether (15.0 mL) was added to obtain a white precipitate, which was collected on a Gooch crucible and washed with Et2O (3×15.0 mL), and dried under vacuum.
Recrystallization of the crude product from EtOH/Et2O solution obtained white crystals of the salt (Scheme 1). Scheme 1: Synthesis of imidazolium salts and PEPPSI type Pd-NHC complexes.
Suzuki-Miyaura Coupling Reaction:
A series of studies were performed to determine a suitable base for the catalytic system in Suzuki-Miyaura coupling reaction (Table 1 ). In the catalytic studies, complexes (2a-c) were employed in 2-propanol with 1 mol% catalyst loading, Suzuki-Miyaura coupling reactions ( Table 2 Table 2 . It indicates that the complexes exhibited low activity when p-chloroacetophenone was used as substrates within 4 h. Also, the catalytic activity of PdCl2 was studied (Entry 10) which the coupling yield is 1% for p-bromoacetophenone as a substrate at 80 °C. The low activity of aryl chloride in Suzuki-Miyaura cross coupling reaction has also been reported in the previous studies [23] [24] .
In this work, several new air-and moisture-stable, convenient to handle, and easily Furthermore, the complex 2c shows the most noticeable activity and a maximum yield of 97% was achieved after 30 min. The complexes (2a-c) exhibit good catalytic activity at 80°C within 15 min.
